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Abstract
Purpose of Review  COVID-19 is now a global pandemic and the illness affects multiple organ systems, including the car-
diovascular system. Long-term cardiovascular consequences of COVID-19 are not yet fully characterized. This review seeks 
to consolidate available data on long-term cardiovascular complications of COVID-19 infection.
Recent Findings  Acute cardiovascular complications of COVID-19 infection include myocarditis, pericarditis, acute coro-
nary syndrome, heart failure, pulmonary hypertension, right ventricular dysfunction, and arrhythmia. Long-term follow-up 
shows increased incidence of arrhythmia, heart failure, acute coronary syndrome, right ventricular dysfunction, myocardial 
fibrosis, hypertension, and diabetes mellitus. There is increased mortality in COVID-19 patients after hospital discharge, 
and initial myocardial injury is associated with increased mortality.
Summary  Emerging data demonstrates increased incidence of cardiovascular illness and structural changes in recovered 
COVID-19 patients. Future research will be important in understanding the clinical significance of these structural abnor-
malities, and to determine the effect of vaccines on preventing long-term cardiovascular complications.
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Introduction

Coronaviruses are common pathogens that circulate in the 
human population where they typically cause a mild res-
piratory illness [1]. In contrast, the severe acute respiratory 
syndrome coronavirus (SARS-CoV) and Middle Eastern 
acute respiratory syndrome coronavirus (MERS-CoV) 
were initially contracted via animal to human transmission 
and are responsible for severe respiratory disease in some 
affected individuals. The severe acute respiratory syndrome 
(SARS) pandemic began in 2002 in China and was believed 
to be contracted initially via bat to human transmission. 
This pandemic was controlled with aggressive case detec-
tion and isolation measures, and no case of SARS has been 
detected since 2004 [2]. Middle Eastern respiratory syn-
drome (MERS) was first noted in Saudi Arabia in 2012 and 
can have up to a 35% mortality rate. Camels are believed to 
be the animal reservoir and thus represent an ongoing risk 
of repeat outbreak [3].

In December 2019, a new severe viral pneumonia was 
discovered in Wuhan city of the Hubei province of China. 
The coronavirus disease 2019 (COVID-19) is a respiratory 
viral illness caused by severe acute respiratory syndrome 
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coronavirus 2 (SARS-CoV-2). COVID-19 is now a global 
pandemic, and at the time of this writing has infected 
more than 340 million individuals and caused more than 
5,500,000 deaths worldwide [4]. Despite being defined as 
a respiratory virus, it has been shown to cause significant 
multiorgan dysfunction in the acute setting including acute 
respiratory distress syndrome, renal injury, liver injury, myo-
cardial injury, and systemic shock [5–6].

Data are now emerging demonstrating ongoing organ 
dysfunction in the post-infectious period with increasing 
attention being granted towards reported symptoms well 
after the acute phase of illness [7•, 8]. The clinical entity 
of post-acute COVID syndrome (PACS) or the colloquial 
“long COVID” has been proposed to describe an assortment 
of multiorgan symptoms which arise or persist beyond 4–12 
weeks post-infection. To date, the question of whether these 
symptoms are directly related to a complication from the 
acute illness versus an alternative pathologic process has 
not been fully elucidated [9, 10]. Despite this uncertainty, 
however, PACS has clearly emerged as a substantial cause of 
subacute to chronic morbidity, with 57% of patients hospital-
ized for COVID-19 reporting ongoing symptoms 1 year after 
initial COVID-19 infection. The most frequently described 
symptoms include fatigue, muscle weakness, headache, 
sleep difficulties, and breathlessness among others [11•].

In this review, we seek to consolidate emerging data 
regarding the long-term cardiovascular consequences of 
COVID-19 infection, and anticipate future investigative 
needs based on existing data regarding cardiovascular com-
plications following viral illnesses.

Acute Cardiovascular Complications 
of COVID‑19

Acute cardiovascular complications of SARS-CoV-2 infec-
tion are well-described, with the most common being myo-
cardial injury, arrhythmia, heart failure, and acute coronary 
syndrome (ACS). These acute complications can lead to 
longer-term sequelae that may require chronic cardiovas-
cular care. It should be noted that these data largely reflect 
cardiovascular complications described prior to broad vac-
cine availability, with further investigation warranted now 
that vaccines are more widely available.

Arrhythmia has been noted in up to 10.4% of COVID-19 
patients with moderate to severe COVID-19 disease, with 
the most frequently observed being atrial fibrillation, non-
sustained ventricular tachycardia, and bradyarrhythmias 
[12–14]. Rates of heart failure complicating the course of 
COVID-19 illness have ranged from 2.8% in COVID-19 
inpatients of all levels of care to 24% of patients who died 
from the disease [15–17]. Myocardial infarction has been 

noted in up to 1.3% of all COVID-19 patients and up to 4.9% 
of patients who died from the illness [18–20].

Myocarditis has been observed in 0.15% of patients diag-
nosed with COVID-19, a phenomenon which contributed to 
a 42% increase in myocarditis incidence throughout the USA 
during the pandemic study period compared to the year prior 
[21]. It should be noted, however, that this figure is based on 
ICD-10 coding for the diagnosis of myocarditis. Myocardi-
tis due to COVID-19 infection has been difficult to demon-
strate, as there is a general resistance to the diagnostic gold 
standard of endomyocardial biopsy due to its invasive nature 
and limited sensitivity, and isolation protocols for COVID-
19 patients made this even less likely to occur. Presence 
of SARS-CoV-2 has of yet only been demonstrated in the 
macrophages of cardiomyocytes in a patient suffering from 
presumed myocarditis and was associated with mild inflam-
mation without overt necrosis [22]. An autopsy case series 
showed 61.5% of patients demonstrated a meaningful viral 
load of SARS-CoV-2 in their myocardium, though this was 
not associated with inflammation [23]. In all, this suggests 
that true virally induced myonecrosis is a rare entity. As a 
result, diagnosis of myocarditis in COVID-19 patients could 
reasonably be considered suspected based on elevated car-
diac biomarkers and other clinical indications, but the true 
prevalence is unknown and likely rare. Acute pericarditis in 
the setting of COVID-19 infection is fairly rare and is fre-
quently seen in conjunction with myocardial inflammation. 
Diagnosis is generally made via electrocardiogram findings 
of diffuse ST segment elevation and PR depression but can 
also present with pericardial effusion and tamponade in the 
minority of cases [24]. This has to date only been reported 
in case series, so overall prevalence is not known.

Myocardial injury has been identified in up to 21% of 
COVID-19 patients in the acute setting and plays a valuable 
prognostic role, with elevated cardiac biomarkers predictive 
of intensive care unit (ICU) admission, mechanical ventila-
tion, arrhythmias, and right ventricular dysfunction [25–28]. 
Myocardial injury has also been associated with increased 
in-hospital mortality. In one cohort study of hospitalized 
COVID-19 patients, myocardial injury was observed in 20% 
and was in turn associated with an in-hospital mortality rate 
of 51% in comparison to a rate of 4.5% in those hospital-
ized without evidence of myocardial injury [26]. Presence 
of myocardial injury during index hospitalization is also 
associated with development of post-acute sequelae from 
COVID-19 illness in the months after acute illness [29•].

Studies employing echocardiographic assessment in the 
setting of acute COVID-19 have shed further light on poten-
tial mechanisms of longer-term cardiovascular effects. Pul-
monary hypertension and right ventricular dysfunction have 
been observed in up to 12% and 14–33%, respectively, of 
patients admitted for COVID-19. Both findings are observed 
more frequently in those with prior cardiac comorbidities 
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and have been associated with more severe lung disease 
and higher in-hospital mortality rates [30–32]. Though 
described, the incidence of left ventricular dysfunction is 
not entirely clear. Dweck et al. showed that in all COVID-
19 positive patients screened, left ventricular dysfunction 
was present in 39%. This involved a cohort in which 46% 
of patients had no pre-existing cardiac disease [31]. Other 
studies have demonstrated lower incidence of left ventricu-
lar dysfunction, with most patients exhibiting preserved to 
hyperdynamic left ventricular systolic function [32–33].

Long‑Term Cardiovascular Complications 
of COVID‑19

Given the high prevalence of cardiac complications in the 
acute phase of infection and a burgeoning literature base 
describing residual symptoms and organ dysfunction in post-
acute COVID-19 patients, further attention is being granted 
towards long-term cardiovascular complications of COVID-
19 infection. It is not yet clear to what extent these compli-
cations are secondary to unique pathologic processes rather 
than direct consequences of acute infectious complications.

Emerging long-term outcomes data demonstrate a sig-
nificant burden of cardiovascular disease following acute 
infection with COVID-19. A large analysis from the US 
Department of Veterans Affairs (VA) databases recently 
demonstrated an excess burden of cerebrovascular dis-
orders, arrhythmia, ischemic heart disease, heart failure, 
and thrombotic disorders between 30 days and 12 months 
after COVID-19 infection in comparison to control cohorts 
[34••]. In total, COVID-19 infection was associated with 
a greater than 50% increase in risk of one of these com-
plications over the stated time frame (HR 1.63, 95% CI 
1.59–1.68). Strikingly, these observations were made even in 
those who were not hospitalized for acute infection, though 
the risk rose in a graded fashion based on the highest level 
of care required during the initial phase of infection with 
the greatest burden occurring in those requiring intensive 
care. Of all complications investigated in this study, atrial 
fibrillation and heart failure accounted for the greatest excess 
burden, with both occurring in more than 10 additional indi-
viduals per 1,000 persons that were more than 30 days out 
from an acute COVID-19 infection.

Additional published studies both corroborate and expand 
upon the findings from the VA database. New-onset dia-
betes and major adverse cardiac events (MACE) have also 
been demonstrated to occur significantly more often in 
post-COVID patients than in matched controls [7•]. One 
investigation of individuals recovered from acute COVID-
19 infection revealed that at 1 year follow-up, new-onset 
hypertension and de novo heart failure were present in 2% 
of patients, and there was an increased need for readmission 

for heart failure medication augmentation [11•]. Addition-
ally, 2.7% of patients in this same study developed new 
right-sided heart failure in the absence of hypertension or 
left heart failure. Given the findings of frequently abnormal 
echocardiograms in the acute setting, however, it is difficult 
to know if this represents structural change in the post-infec-
tious setting or dysfunction that was simply not assessed 
during the index admission. While pulmonary hypertension 
is often seen in the acute phase of the illness, this has not 
been frequently seen on follow-up echocardiography [33].

A recent prospective study demonstrated that presence 
of myocardial injury assessed via elevated high-sensitivity 
troponin during an index hospitalization for COVID-19 was 
associated with ongoing symptoms at 12 months as well 
as increased hospital readmission rates and mortality [29]. 
Other groups have also reported a substantial mortality rate 
in the year following COVID-19 infection with rates ranging 
from 1.3 to 12% [7•, 11•, 35]. These events are often attrib-
uted to sudden cardiac death felt to be related to arrhythmia 
or thrombosis.

Characterization of post-COVID-19 structural changes 
in the myocardium are forthcoming. Medium-term follow-
up of 2–3 months has shown a staggering 78% of patients 
recovered from COVID-19 infection with abnormalities on 
cardiac magnetic resonance imaging (CMR), with 60% of 
them showing evidence of inflammation based on elevated 
native T1 and T2 enhancement. Focal scarring and peri-
cardial enhancement were also present [36•]. Huang et al. 
discovered that patients recovered from COVID-19 infection 
who suffered from ongoing cardiac symptoms demonstrated 
myocardial edema and late gadolinium enhancement (LGE) 
in 54% and 38% of patients, respectively, on CMR [37]. 
LGE was primarily located in the interventricular septum, 
anterior, anterolateral, and inferior walls of the left ventri-
cle. They also found that abnormal CMR findings correlated 
with decreased right ventricular (RV) function. Nuzzi et al. 
employed echocardiography to assess RV function after 
recovery from severe COVID, and while their data failed 
to reproduce evidence of overt RV dysfunction by tricuspid 
annular plane systolic excursion (TAPSE) or RV fractional 
shortening, it did show impaired RV longitudinal strain in 
42% of patients studied [33]. These findings are suggestive 
of impaired RV systolic function that persists beyond the 
acute infectious phase, though the clinical significance and 
natural history of this finding remains to be seen.

Clues of Cardiovascular Complications 
from Other Viral Illnesses

In the absence of substantial primary data regarding long-
term cardiovascular sequelae of COVID-19 infection, one 
can turn to existing data surrounding other viral infections 
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for insights and guidance. Severe acute respiratory dis-
tress syndrome caused by the SARS-CoV in 2002–2003 
was also a global health concern. Long-term follow-up of 
these patients revealed hyperlipidemia, abnormal glucose 
metabolism, and cerebrovascular accident (CVA) [38]. This 
appeared to be independent of steroid use. Patients recover-
ing from pneumonia infection have been observed to have 
increased cardiovascular complications such as myocardial 
infarction, CVA, and fatal coronary disease in the 10 years 
following hospitalization [39]. Furthermore, vaccination 
against influenza has also demonstrated a reduced risk of MI 
and out of hospital cardiac arrest [40]. Together, these data 
suggest that post-infectious COVID-19 patients are likely 
at risk for increased cardiovascular events and metabolic 
abnormalities, which we have already started to observe. 
The mechanism for this predisposition towards atheroscle-
rotic cardiovascular disease is not entirely clear but is likely 
related to the proinflammatory response generated by viral 
infection. It has long been established that inflammation 
plays a crucial role in development and destabilization of 
atherosclerotic plaque, and pivotal trials have demonstrated 
increased cardiovascular events in patients with evidence 
of chronic inflammation in the form of elevated C-reactive 
protein [41–42]. The inflammatory response causes mac-
rophage migration to low-density lipoprotein (LDL) deposits 
in the subintimal space of an artery, where they phagocy-
tose cholesterol deposits and become foam cells. They then 
undergo apoptosis, whereby a subintimal necrotic core prop-
agates. Cytokines also play an important role in thinning the 

fibrous cap of these atherosclerotic plaques via matrix met-
alloproteases. Thus, the inflammatory response causes both 
expansion of the atherosclerotic plaque and thinning of the 
stabilizing cap, making it more vulnerable to rupture [43]. 
Additionally, platelet activation is enhanced through multi-
ple inflammation-mediated mechanisms [44]. Respiratory 
viral infections such as influenza and now COVID-19 trigger 
robust native inflammatory and prothrombotic responses, 
indicating a possible mechanism for the observed increase 
in cardiovascular events following viral infection [45–46].

Discussion

COVID-19 has drastically altered our way of life and causes 
significant morbidity and mortality in the acute setting. We 
are now discovering that many patients that suffer acute 
COVID infection continue to have significant cardiovascu-
lar complications in the post-acute setting as well (Fig. 1), 
adding to the already high burden of cardiovascular morbid-
ity and throughout the USA and the rest of the world [47].

Acute myocardial injury is observed in a significant num-
ber of patients acutely infected with SARS-CoV-2. Vari-
ous mechanisms of injury have been proposed. Angioten-
sin I-converting enzyme 2 (ACE2) is a receptor expressed 
heavily on myocardial and alveolar surfaces and is the target 
of SARS-CoV-2’s spike protein to gain cellular entry [48]. 
This has been hypothesized as a mechanism for direct myo-
cardial injury. Indeed, SARS-CoV-2 has been discovered in 

Fig. 1   Acute and long-term 
cardiovascular complications 
associated with COVID-19 
infection
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the myocardium via polymerase chain reaction (PCR) sug-
gesting a pathogenicity via direct toxicity [23,49]. Alterna-
tively, it is suggested that the inflammatory milieu caused by 
helper T cells and hypoxia during acute infection lead to a 
cytokine storm that can be cardiotoxic [35]. Lastly, patients 
with severe COVID-19 infections are older and have more 
underlying cardiovascular disease, so it would stand to rea-
son that they would experience increased cardiovascular 
morbidity and mortality [50–51].

Acute cardiovascular complications include arrhythmia, 
myocarditis, acute coronary syndrome, pulmonary hyper-
tension, and RV dysfunction. We are now beginning to 
understand how COVID-19 infection can impact long-term 
cardiovascular health. New-onset hypertension was noted 
in one study which could be due to disruption in the renin 
angiotensin system, wherein SARS-CoV-2 binds to ACE2 
and promotes its degradation, thus promoting sodium and 
water retention [52]. This has been described in the setting 
of acute infection, but it is unclear why this would occur in 
the post-acute period. New-onset abnormal glucose metab-
olism and diabetes was seen in patients recovered from 
SARS-CoV infection as well [38]. It is unclear whether this 
is due to metabolic dysregulation because of the viral infec-
tion, or sequelae of the use of glucocorticoids as standard 
treatment for severe infection [53–54]. Increased incidence 
of myocardial infarction was also noted. While the cause of 
this is unclear, it has been well described following other 
acute respiratory illnesses such as pneumonia and chronic 
obstructive pulmonary disease exacerbation [11•, 39]. Thus, 
regular primary care screening for diabetes and hypertension 
should remain a priority, which can be challenging in the 
ever-changing pandemic healthcare landscape. Clinicians 
should remain vigilant as well for signs and symptoms of 
ACS in light of the increased prevalence of MACE follow-
ing viral infection.

Acute PH and RV dysfunction in the setting of COVID-
19 infection is postulated to result from altered pulmonary 
hemodynamics due to hypoxic vasoconstriction, use of 
positive end expiratory pressure in mechanical ventilation, 
pulmonary endothelial injury, and thrombotic or throm-
boembolic processes locally in the pulmonary vascula-
ture [30]. Follow-up echocardiography in the post-acute 
setting failed to show overt RV dysfunction in the form 
of depressed TAPSE or RV fractional shortening, but has 
shown impaired RV longitudinal strain [33]. While impaired 
RV longitudinal strain is associated with increased mortal-
ity in the acute setting, the long-term consequences remain 
to be seen [55]. In left ventricular assessment, impaired 
longitudinal strain is a more sensitive marker for systolic 
dysfunction and is predictive of future heart failure [56–58]. 
Thus, the cardiovascular clinician would reasonably antici-
pate some incidence of right heart dysfunction and fail-
ure in the COVID-19-recovered population. The origin of 

impaired RV longitudinal strain is unclear, but could be 
related to myocardial inflammation, hypoxia, and ventila-
tion-induced trauma, which are frequently present during 
the acute phase of the illness [59].

CMR has revealed edema and left ventricular LGE in a 
small group of patients with ongoing cardiovascular symp-
toms in the post-acute phase of their illness. This is favored 
to be a result of the myocardial inflammation suffered during 
the acute COVID-infection, though data to correlate with 
laboratory evidence of myocardial injury during index hos-
pitalization are not available [37]. Given the increased mor-
tality seen in the year after COVID-19 infection, this raises 
concern for possible arrhythmogenic or thrombotic causes 
of sudden death during the post-acute phase of COVID-19 
illness.

Study Limitations

Certain limitations of this review and the data presented 
should be noted. Given the COVID-19 disease was first rec-
ognized just over 2 years ago, there is limited long-term 
data from which to draw conclusions. This information is 
just now being gathered and published, so the volume of 
studies from which to draw long-term conclusions currently 
remains modest. The data presented reflect short- and long-
term complications of COVID-19 infection largely in unvac-
cinated populations. Therefore, complication rates in the 
acute setting and predisposition for post-acute sequelae may 
be different for vaccinated individuals. Additionally, SARS-
CoV-2 has undergone numerous mutations throughout the 
pandemic and different strains have been predominant 
at various points in time. It is currently unclear if certain 
strains carry greater risk for acute or chronic cardiovascular 
complications, as genotype data was not routinely collected 
in the studies presented. In all, the novelty of the disease 
limits data availability, and the rapidly evolving landscape of 
vaccination and viral mutations impairs the generalizability 
of currently available data to today’s patients.

Conclusions and Future Directions

In summary, acute COVID-19 infection is a significant 
driver of cardiovascular disease, resulting in direct myo-
cardial injury and increased prevalence of cardiovascular 
complications including arrhythmia, heart failure, and 
ischemic heart disease. The presence of myocardial injury 
is associated with increased mortality and RV dysfunction, 
as well as increased likelihood of developing post-COVID 
syndrome. Long-term follow-up has demonstrated higher 
rates of cerebrovascular disorders, arrhythmia, ischemic 
heart disease, heart failure, and thrombotic disorders in 
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those who are recovered from acute COVID-19 infection. 
Additionally, there is emerging evidence of residual RV 
dysfunction with impaired RV longitudinal strain and 
myocardial fibrosis on CMR in this population. The pres-
ence of fibrosis on CMR and risk for arrhythmia and sud-
den cardiac death this poses in the long term remains to 
be seen.

Based on the presented findings and knowledge from prior 
SARS-CoV pathogens, future areas of study should include 
ongoing evaluation of the development of cardiovascular dis-
ease including diabetes, hypertension, MACE, and heart failure 
in post-COVID patients compared to the general population. 
Further evaluation of right ventricular function and presence of 
myocardial fibrosis in the post-COVID setting would be benefi-
cial to gain better insight into the prevalence of this. Addition-
ally, following patients with RV dysfunction, late gadolinium 
enhancement, and myocardial fibrosis on imaging studies both 
during and following acute COVID-19 to elucidate the long-
term clinical relevance of these findings will be crucial.

Finally, this review of the available literature regarding 
long-term outcomes following COVID-19 infection suggests 
the potential for a substantial increase in global cardiovas-
cular disease burden as SARS-CoV-2 continues to spread 
throughout the population. Efforts to further characterize 
the impact of future variants of the SARS-CoV-2 virus on 
long-term cardiovascular complications, as well as the effect 
of broad vaccination efforts in reducing them, will be critical 
in guiding both primary care and cardiovascular clinician’s 
approaches towards screening and treatment for COVID-
associated cardiovascular disease in a world with endemic 
SARS-CoV-2. With currently available data, the cardiovas-
cular clinician should have a relatively lower threshold to 
evaluate patients who have recently recovered from acute 
COVID-19 infection for ventricular dysfunction, arrhythmia, 
and ischemic heart disease due to a higher incidence of these 
complications in this population.
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